Inorg. Chem. 2002, 41, 219-228

Inorganic:Chemistry

* Article

Activation of Organonitriles toward B-Electrophilic Attack. Synthesis
and Characterization of Methyleneamide (Azavinylidene) Complexes of
Rhenium

M. Fatima C. Guedes da Silva,’* Jodo J. R. Fralsto da Silva," and Armando J. L. Pombeiro*?

Centro de Qimica Estrutural, Complexo I, Instituto Superiof ¢réco, A. Ravisco Pais,
1049-001 Lisbon, Portugal, and Urérsidade Lusfmna de Humanidades e Tecnologias,
Campo Grande 376, 1749-024 Lisbon, Portugal

Received August 6, 2001

Treatment of the nitrile complexes cis-[ReCI(NCR)(dppe),] (R = aryl; dppe = Ph,PCH,CH,PPh,) with [Et,OH][BF,]
or SiMesCF3S0; in CH,Cl, led to the formation of the methyleneamide (alkylideneamide or azavinylidene) compounds
cis-[ReCl{ NC(E)CgH4X-4} (dppe).]Y [E = H; X = OMe (1b), Me (1c), H (1d), F (1e), or CI (1f), Y = BF4 E =
SiMes, X = Me (1c'), Y = CF3S0s] and trans-[ReCI{ NC(H)CsH,X-4} (dppe),][BF4] [X = NEt, (2a), OMe (2b), H
(2d), F (2e), or CI (2f)]. They were characterized by multinuclear NMR spectrometry and X-ray crystallography (2e)
which shows that the methyleneamide ligand exhibits linear (three-electron donor) geometry and behaves as a
strong s-electron acceptor. The complex *P{*H} and *H [NC(H)C¢H4X-4] NMR patterns for the cis isomers were
analyzed as ABCD and ABCDX (X part) spin systems, respectively. Complexes 1 and 2 undergo deprotonation by
base to form the trans isomers of the corresponding nitrile complexes, trans-[ReCI(NCCgH,X-4)(dppe),] [X = NEt,
(3a), OMe (3b), H (3d), F (3e), or Cl (3f)] whose spectroscopic data are also presented and which on protonation
give the corresponding trans isomers of the methyleneamide complexes (2). Reactions of cis-[ReCI(NCR)(dppe).]
with [EtsO][PFg] resulted in their oxidation and isomerization to afford trans-[ReCI(NCCgsH4X-4)(dppe),][PFe] [X =
Me (4c), H (4d), or CI (4f)].

Introduction In particular isocyanidé8 and organonitrile$!-*? whose
Dinitrogen complexes can constitute a potential source of rich coordination chemistry (comprising activation toward
electron-rich transition metal centers suitable for activation
of a variety of unsaturated-N or -C small molecules, namely,
those related to N Hence, e.g., isocyanidésalkynes?
phosphaalkynespitric oxide? cyanide? and organonitriles®
can bind such metal sites and undergo activation toward
electrophilic attack, reduction, or rearrangement reactions
which normally can be accounted for by the electronic and
structural properties of those binding centers.
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sponding aminocarbyne (CNHR)r methyleneamide (NCHR,
also called alkylideneamide or azavinylideh&gpecies. Our
preliminary report on S-protonation of an organonitrile, at
[ReCI(NCR)(dppej (R = aryl, dppe= PhhPCH,CH,PPh),
constituted a novel and convenient route for the latter type

nucleophiles, insertion reactions, etc.) has been developef ligands (NCHR) which were, and still are, usually
at metal centers in higher oxidation states when they canobtained®* by quite different methods.

undergo typically nucleophilic additions at the unsaturated

In view of the synthetic significance of methyleneamide

carbon atom (reaction 1, Scheme 1, for organonitriles, Nu ligands, e.g., toward ligating iminésimides?“"*¥amines>9

= Nucleophile), can become susceptible to reeyroto-
nation (reaction 2, Scheme 1, for organonitriles, =&
electrophile= H*) when binding a suitable low-valent and
strong r-electron-releasing metal site, to afford the corre-
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and nitriles!®® the above route should be further explored.
The involvement of thg-protonation route was postulatéd

in the nitrogenase reduction of organonitriles to ammonia
and alkanes and was propo&&id the protic conversion of
organonitriles into the imido complexes [Re(NE&R)Xs-
(dppbe)] [R = alkyl, X = CI or Br, dppbe= 1,2-bis-
(diphenylphosphino)benzene]. Recently it was extended by
others to trans[M(N2)(NCR)(dppe)] (M = Mo or W) by
achieving their further conversion into imido derivatives,
trans[MX(NCHR)(dppe)]™ (X = halide), or even metal
nitrides, trans[Mo(N)(NCCHCOR)]? formed upon com-
plete N=C triple bond protic cleavage Atketonitriles (e.g.,
N=CCH,COR), intrans[Mo(N2)(N=CCH,COR)(dppej],
with concomitant liberation of the corresponding vinyl
ketones CH=CHCOR.

Therefore, a promising and novel coordination chemistry
of nitriles, based on their activation toward electrophiles,
seems starting to emerge and prompted us to describe in
detail our own studies at the electron-ridReCl(dppe}} site,
which show that aromatic nitriles atis- or trans[ReCl-
(NCR)(dppe)] undergo stereoselectivg-protonation (by
HBF,) or g-silylation (by SiMeCRS0O;) to givecis- or trans
[ReCKNC(E)R} (dppe}]™ (E = H or SiMe;). Hence, the
present study concerns the still underdeveloped mode of
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nitrile activation toward electrophiles (reaction 2, Scheme Results and Discussion

1) and, to our knowledge, provides the first example of  \jethyleneamide ComplexesTreatment of CHCl, solu-
addition of an electrophile other than the proton. No final tjons of cis-[ReCI(NCR)(dppe) (R = aryl) with [ELOH]-
_hydride .pr_oducts were obtained, and the complexes which, [BF,] or SiMe;CF:SO; resulted (reactions 1 and 2, Scheme
in a preliminary study;?*°were proposed as [ReCI(H)(NCR)-  2) in the formation of the methyleneamide complexés
(dppe}][BF 4] are now reformulated as the trans isomers of [ReCK NC(E)GsH4X-4} (dppe}]Y [E = H, X = OMe (1b,
(dppe}][BF4] as demonstrated (see below) by detailed NMR (18), or Cl (1f), Y = BF4; E = SiMe3, X = Me (1¢), Y =
studies and by an X-ray diffraction analysis. This reformula- cF,50,] andtrans[ReCK NC(H)CeH.X-4} (dppe}][BF 4] [X

tion does not invalidate those preliminary studies, provided = NEt, (2a), OMe @b), H (2d), F (2¢), or Cl @2f)]. The

it is considered therein. The use of {B{[PF] as the  pyre isomeric forms were isolated in moderate yields (ca.
electrophile resulted in the oxidation of the metal to give 30-609) depending on the substituent (X) of the phenyl
the Ré nitrile complexestrans[ReCI(NCR)(dppgj[PFe]. ring (electron-donor groups favor the cis isomers, whereas
Both isomers of the methyleneamide complexes undergoejectron acceptors promote the formation of the trans ones).
deprotonation by base affording exclusively the trans isomerssjde and decomposition products such teans[ReCh-

of the parent nitrile complexes (thus providing an improved (gppe)]" (n = 0 or 1Pt or the corresponding dinitrile
method for their preparation), and the detailed syntheses anctomplexesis-[Re(NCRM(dppe}][BF 422 were also isolated

and'H NMR data) of the methyleneamide (both isomers)

and nitrile (trans isomers) complexes are also now presented

(21) Ssalih, T. A.; Duarte, M. T.; Fraio da Silva, J. J. R.; GdleaA. M;
: Guedes da Silva, M. F. C.; Hitchock, P. B.; Hughes, D. L.; Pickett,
C. J.; Pombeiro, A. J. L.; Richards, R. ..Chem. Soc., Dalton Trans.
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The trans isomer2 can be obtained in nearly quantitative Cus _cis
yields by using, as starting materials, the trans isomers of
the nitrile complexesrans[ReCI(NCGHX-4)(dppe}] (3,
see below), which also undergo fast protonation by KHBF
(reaction 4, Scheme 2) and, in contrast with the cis isomers,
form exclusively the trans methyleneamide products.

The activation of the organonitriles toward protonation or
silylation can be rationalized in terms of the higtelectron-
releasing ability of their electron-rich Réinding center,
{ReCl(dppey}}. In fact, in both ciss and trans[ReCl-
(NCCsH4X-4)(dppe}], the nitrile ligands exhibit, in the IR
spectra,y(N=C) at significantly lower wavenumbers than
in the corresponding free ligands [for tlés isomers, the
shift Av(NC) on coordination is in the range from20 (for
X = NEt,) to —70 (for X = F) cmm1,2% and for the trans
isomers, see below, the shift is even more pronounced],
indicating an extensive-electron acceptance of such ligands.
This is also consistent with the unusually shortfR&bond,
1.978(5) A, observéd for the acetonitrile complexans-
[ReCI(NCMe)(dppej). The electrophilic attack occurs ex- o + Mojecu " | ontians[ReCNC
clusively at thep-position (the C atom) as observed for Fgure 1. Molecular structure of the complex cationtins{Re -
isocyanides (CNRJ,vinylidenes®< and allen@efligands 0 CerF-4(dppedl[BFd 2e
when binding the same metal center. No further electrophilic Table 1. Selected Bond Lengths (A) and Angles (deg) for

addition occurs in contrast with the above-mentiotrads- trans[ReCNC(H)CeH.F-4} (dppe)l(BF - CH;Cl,
[M(N2)(NCR)(dppej] (M = Mo or W) complexein which Re—N(1) 1.831(8) Re-N(1)—C(1) 165.7(10)
replacement of the labile Nby an effective electron-donor ('\48:88%) i-igg&g)) “((gg(el_)gf(m) iﬂggf)
anionic ligand promotes a second protonation at the meth- Rre—cj 2.437(3) N(1}-Re—P(1) 100.1(3)
yleneamide group to give a ligated imido species. Re—P(1) 2.487(3) N(1yRe-P(2) 97.0(3)
The unambiguous formation of a methyleneamide species E:Eg; g-iggg; “Eg;gggg giig;
has been proved by the single-crystal X-ray diffraction Rre-p(4) 2.475(3) CHRe—P(1) 87.57(9)
analysis oftrans[ReCKNC(H)CsHiF-4} (dppe}][BF4] 2e Cl—Re-P(2) 84.56(9)
and clear evidence for the NC(H)R ligand, in both cis and S:IS:E% g%é%gg
trans isomers (series of complexésand 2), has been
provided by NMR spectrometry (see below). H22ApCl ) 79145)/dr096rg: ?ZOZr;EiIi-lr](%ZA)mCI 11544
The molecular structure dfeis shown in Figure 1, and H(216Y--Cl 27790 C(216) H(216)--Cl 14455
selected bond lengths and angles are listed in Table 1. H(412)--Cl 2.6365 C(412)H(412)--Cl 144.78
The structural data for the methyleneamide ligand indicate ~ H(226) N 26124 C(226yH(226) N 112.29

that it approaches more the linear coordination mode (three-
electron donor) (a) than the bent one (single-electron donor)
(b), thus conferring the 18-electron configuration to the
complex.

methyleneamide. Moreover, the averageRedistance of
2e [2.469(3) A] is identical to that of the latter rhenium
compound [2.461(2) A] and of the related aminocarbyne
trans-[ReCI(CNHMe)(dppe)[BF,],?¢ and the Re-Cl dis-

o Re—N tance of 2.437(3) A irReis even shorter than that [2.484(6)
Re==N=¢ \C_R A]28 of the aminocarbyne compound, suggesting that the
1'{ methyleneamide ligand is behaving as an effectiedectron

acceptor, as knowh® for the ligating CNHMe. This is
@ ) consistent with the predominance of the trans isor2évsith
the strong electron-donor chloro ligand in trans position

In fact, the Re-N distance, 1.831(8) A, is consistent with o jative to the methyleneamide) relative to the cis isomers

a significant double-bond character of this bond, being

shorter than those observed in the rhenium complezes (25) Guedes da Silva, M. F. C.; Duarte, M. T.; Galyd. M.; Fraisto da
[ReCI(NCMe)(dppegj [1.978(5) A],24 cis- or trans[Re- ?:ii\:la’ J. J. R.; Pombeiro, A. J. LJ. Organomet. Cheml992 433
(NCCeH:Me-4),(dppe)] * [average 2.07(2) or 2.063(7) A, (26) Guedes da Silva, M. F. C.; Pombeiro, A. J. L.; Hills, A.; Hughes, D.
respectivelyf>%%or even the relatettans[Re(OH)(NCMe)- L.; Richards, R. LJ. Organomet. Cheni991, 403 C1.

7 . . (27) Guedes da Silva, M. F. C.; Ferreira, C. M. P.; Btauda Silva, J. J.
(dppe)][HSO4] [1-901(5) A]Z with a “nearly coordinated R.; Pombeiro, A. J. LJ. Chem. Soc., Dalton Tran$998 4139.
(28) Chatt, J.; Pombeiro, A. J. L.; Richards, R.J..Chem. Soc., Dalton

(23) Guedes da Silva, M. F. C.; Fisto da Silva, J. J. R.; Pombeiro, A. J. Trans.198Q 492.
L. J. Chem. Soc., Dalton Tran$994 3299. (29) Pombeiro, A. J. LNew J. Chem1997, 21, 649.

(24) Pombeiro, A. J. L.; Guedes da Silva, M. F. C.; Hughes, D. L.; Richards, (30) Lemos, M. A. N. D. A.; Pombeiro, A. J. L1. Organomet. Chem.
R. L.; Polyhedron1989 8, 1872. 1988 356, C79.
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Figure 2. Experimental (CBCly) (top) and theoretical (botton$}P{H}
NMR spectra ofcis-[ReCK NC(H)CsH4Cl-4} (dppe}][BF 4] 1f analyzed as
an ABCD spin system (see Experimental Section).

1, for electron-acceptor nitrile substituents (X) which promote
the ligand electron-withdrawing ability. The N(L(1) bond
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B I o o A B R mms mad
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Figure 3. Experimental (CRCl,) (top) and theoretical (bottoriH NMR
spectra (high-field region) afis-[ReCK NC(H)CsH4Cl-4} (dppe}][BF 4] 1f
analyzed as the X part of an ABCDX spin system (see Experimental
Section).

intensity of the ortho protons @of the phenyl ring in the
R group, confirming the closeness of the methyleneamide
proton and the latter aromatic protons.

In the 3'P{'H} NMR spectra, the trans isome2sexhibit
the expected singlet, whereas for the cis isoniefSigure
2 for 1f) the spectra show ABCD spin systems (the mutually
trans R and R have the highesl values, and p, trans to

distance [1.244(15) A] is somewhat shorter than the averagethe methyleneamide ligand, is most affected by the X

for C(sp)=N(sp) (e.g., 1.281 A in oximes)}, and the Re-
N—C moiety deviates significantly from the linearity [165.7-
(10) °] as known for other cas&s*?with considered linearly
coordinated methyleneamides. The=NH—R angle of
127.6(13} is consistent with the expected’dpybridization

substituent).

Subsequently, the high-field)(—6.8 to —7.3) complex
pattern (with 14 or 16 lines) of the methyleneamideHNC
proton, in thetH NMR spectra of complexek was analyzed
as the X part of an ABCDX spin system (Figure 3 fdj.

at the methyleneamide carbon, and it confirms the occurrencey; was assumed thaiPtrans to the methyleneamide ligand,

of the protonation at thg-carbon atom of the nitrile ligand.

Four intramolecular hydrogen bonds were calculated,

involving not only the chloride ligand but also the nitrogen

couples more effectively to the NMR proton (py ca. 60
Hz) than the other P nucleidy ca. 14-16 Hz). For the trans
isomers2, the NCHR resonance appears as a high-field (

atom, the latter conceivably accounting for the above- ca.—3.8 to—4.8) quintet {Jpy 6.1-6.8 Hz), consistent with
mentioned deviation from the |inearity of the methyleﬂeamide the equiva|ence of the four P nuclei. These values of the

ligand.

coupling constant are lower than those reportec?dpy; in

Evidence for the ligating methyleneamide in both sets of hydride-phosphine complexes of rhenium (266 Hz

complexesl and?2 is also given by thé3C-proton coupled
NMR spectra which show the expecte@€NR doublet Jcy
ca. 160 Hz) atd ca. 114-129 (although in a few cases

range)?*-3>thus confirming the assignment of that resonance
to a non-hydride proton, in spite of its high-field chemical
shift. A significant shielding of the NBR proton ¢ ca. 0.9

partially buried under the phenyl-carbon resonances) which to —1.5)36 although not so pronounced as in our case, was

coalesces into a singlet in thBC{*H} NMR spectra.
Moreover, in thetH NMR spectra, NOE experiments with
irradiation at the NEIR resonance (see below) boosted the

(31) Allen, F. H.; Kennard, O.; Watson, D. G.; Brammer, L.; Orpen, A.
G. J. Chem. Soc., Perkin Trans.1®87 S1.

(32) Shearer, H.; Harrison, M. M.; Sowerby, J. D.Chem. Soc., Dalton
Trans.1973 2629.

(33) Pombeiro, A. J. L.; Richards, R. . Organomet. Chenl986 306,
C33.

(34) Carvalho, M. F. N. N.; Duarte, M. T.; GdleaA. M.; Pombeiro, A.
J. L. J. Organomet. Chenl994 469 79.

(35) Chatt, J.; Crabtree, R. H.; Dilworth, J. L.; Richards, RJLChem.
Soc., Dalton Trans1974 2358.

(36) Chatt, J.; Richards, R. L.; King, F.; Leigh,Jl.Chem. Soc., Dalton
Trans.1976 2435.
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also reported for other rheniunmethyleneamide complexes the deprotonation, by [NBIOH, of the methyleneamide
in which this ligand is believed to act as a three-electron compoundsl or 2 (reaction 3, Scheme 2, with almost
donor (linear geometry). However, this NMR behavior is quantitative yield), which is a better route than their synthesis
not diagnostic of such a geometry since for other complexesfrom the dinitrogen complexrans[ReCI(Ny)(dppe}], on
with linear methyleneamides the MR resonance can be replacement of Nby NCR2* which leads to contamination
rather deshielded (e.gd ca. 8.3-9.4 in some Sc or Zr  with the cis isomers that are the main prodétist the
species}’ reaction.

In the phenyl region, the proton resonances observed The oxidized R& form 4 of those nitrile complexes can
upfield from the bulk of the complex multiplet are assigned be obtained (ca. 7680% yields) in a more direct way by
to the phenyl protons of the methyleneamide ligand (AB- oxidation of the corresponding Reis-nitrile isomers. This
type pattern, for each pair of ortho and adjacent meta can be conveniently carried out by treatment of ,CH
protons). FoRe, the coupling of the methyleneamidphenyl solutions of the latter compounds, at low temperature, with
protons to the fluorine nucleus was observed for the meta [EtzO][PFs] (reaction 5, Scheme 2) followed by warming,
(relative to the NC group) protons [apparent triplet resulting giving trans[ReCI(NCGH4X-4)(dppe)][PFe] [X = Me
from the overlap of a doubletJy) of doublets $Jye)] and (40),* H (4d), or CI (4)]. Hence, although silylation of the
for the ortho protons [doubledl) of doublets $J4¢)] and organonitrile was observed on the reactioncis-[ReCl-
confirmed by°F NMR. (NCCsHsMe-4)(dppe)] with SiMesCF;SG; to give the me-

In their IR spectra, complexdsand2 do not exhibit any ~ thyleneamide productis-[ReCH NC(SiMes)CeHaMe-4} -
band which could be assigned to the= stretching. A (dPPe}CFsSG; 1c, attempted alkylation of theisnitrile
similar situation was found in other methyleneamide com- cOmplexes by using the stronger and less bulkyQg{BF]
pounds such as [ResffNCHR)LL'] (R = Me or Ph; L= electrophile resulted in metal oxidation to form the corre-
py; L' = monophosphine¥ although cases are kno##” ~ SPonding Reé—nitrile products4.
in which such a vibration was detected as a medium to weak ~The cis-to-trans isomerization was promoted by oxidation
band in the 15251725 cnr? range. In [Mog5-CsHs)L A NC- in agreement with electrochemical studies cis{ReCl-
(BuYPH] (L = CO or PPR)* it was observed thatN=C)  (NCGsHsMe-4)(dppej]** and on the relatedis-[Re(NCR)-
was highly dependent on the coligands. In the-5500 cntt ~ (dppe}] ™ (R = aryl or alkyly*® andcis-[ReCI(CO)(dppej*’
range the cis isomers present one (or two) strong band(s)complexes which were shown to undergo anodically induced
whereas the trans ones exhibit several clearly definedisomerization. Electron-transfer-induced structural changes
medium-intensity bands, in agreement with the previously ©f coordination compounds constitute a matter of current and
observe@?"typical CC vibration modes of the phenyl rings  9rowing interest2

of the cis- and trans-diphosphines. The bands due to the  In the IR spectra, the Reomplexes3 exhibit »(N=C) at
counterions are observed in the usual regions_ wavenumbers (21692080 le) that are Signiﬁcantly lower

(by ca. 70-90 cnT?) than those of the corresponding cis
))'somersz,z indicating a more effectiver-electron-releasing
ability of the trans{ReCl(dppej} binding site relative to
the cis one. As expected, the cationic"Reomplexes4
presenty(N=C) at higher wavenumbers (21:32120 cn1?).

In both series of compounds, the complex IR pattern in the
550-450 cm! range is diagnostié?’ of their trans geom-

In the FAB-MS spectra of complexdsthe molecular ion
is not detected and the fragmentation pathways are generall
initiated by the loss of the ligating NCHR, Clor one of
the diphosphines. While in the former case the process is
followed by the loss of Cl or fragmentation of dppe, in the
latter cases the loss of Clor of one dppe precedes the
fragmentation of the remaining diphosphine with retention
of the rhenium-methyleneamide bond. The fragmentation €tY- , _ ,
pattern for these complexes resembles that observed for the N compounds3 a broad singlet is observed in tR&-
corresponding neutrais-mononitrile specie® In the trans 1 H} NMR spectra, but their instability in solution precluded
complexe< the molecular ion is clearly detected (in contrast "€liable*C NMR studies. Complexesdisplay broad NMR
with the less stable cis isometsand the fragmentation of ~ SPectra due to their paramagnetism. -
the diphosphine can occur prior to the loss of NCHR. Theé FAB-MS spectra of complexe8 and 4 exhibit
Fragments derived from the liberation of one dppe and fragmentation patterns smlar to tho;e of the methyleneamide
subsequent fragmentation of the remaining one and additionc®mpPounds with the same isomeric form.
of oxygen from the NOBA matrix are also observed.

(39) Guedes da Silva, M. F. C.; Frsto da Silva, J. J. R.; Pombeiro, A. J.

Nitrile Complexes with the Trans Geometry. The L.; Amatore, C.; Verpeaux, J.-NOrganometallics1994 13, 3943,

i i i (40) Guedes da Silva, M. F. C.; Frsto da Silva, J. J. R.; Pombeiro, A. J.
preparation (?f the pure trans isomers of the’ Ririle L.; Amatore, C.; Pombeiro, A. J. Unorg. Chem.1998 37, 2344.
complexes3, i.e., trans[ReCI(NCGH4X-4)(dppe}] [X = (41) (a) Pombeiro, A. J. L.; Guedes da Silva, M. F. C.; Lemos, M. A. N.
NEt, (3a), OMe 3b), H (3d), F (3¢, or CI (3f)], involves D. A. Coord. Chem. Re 2001, 219221, 53. (b) Pombeiro, A. J. L.,

McCleverty, J., EdsMolecular Electrochemistry in Inorganic, Bioi-
norganic and Organometallic Compound$ATO ASI Series; Kluwer

(37) (a) Erker, G.; Fromberg, W.; Atwood, J. L.; Hunter, W. A&hgew. Academic Publishers: Dordrecht, The Netherlands, 1993.
Chem., Int. Eng.1984 23, 68. (b) Bercaw, J. E.; Davis, P. L,; (42) (a) Bond, A. M.; Colton, RCoord. Chem. Re 1997, 166, 161. (b)
Wolczanski, P. TOrganometallics1986 5, 443. Connelly, N. G.; Geiger, W. EChem. Re. 1996 96, 877. (c) Geiger,

(38) Martins, L. M. D. R. S.; Guedes da Silva, M. F. C.; Marques, |.; §t@au W. E. Acc. Chem. Resl995 28, 351. (d) Astruc, D. InElectron
da Silva, J. J. R.; Vaz, M. C. N.; Pombeiro, A. J.Rapid Commun. Transfer and Radical Processes in Transition-Metal ChemistGH
Mass Spectrosd 996 10, 447. Publishers: New York, 1995.
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Scheme 32 H, F, or Cl) were prepared by a published metR®thfrared (IR)
H T measurements were carried out in KBr pellets (values in‘tm
(8 R Re—N=—°¢C intensity of bands is referred to assnmedium, s= strong) on a
Re==N=C—R g = Ng Perkin-Elmer 683 spectrophotometer &k 1%, 31P, and*C NMR
spectra on a Varian Unity 300 spectrometer. Chemical shifts are
HT in ppm relative to SiMg (*H and'3C), CFCk (*F), or P(OMe)
Re:cE(rf)——R H Re.‘—:c:N/ (3%P) (s= singlet, d= doublet, t= triplet, = quartet, qt= quintet,
B m = multiplet, br= broad, dm= doublet of multiplets, tn¥ triplet
R of multiplets, dd= doublet of doublets, tt= triplet of triplets).
3e-donors The complex NMR spectral analyses were performed by using a
a Re= {ReCl(dppe)}. B = base. LAME iterative progrant? Mass spectrometric measurements were
performed on a Trio 2000 spectrometer, and positive-ion FAB mass
Final Comments spectra (FAB-MS) were obtained by bombarding 3-nitrobenzyl

. . . Icohol (NOBA) matrixes of the samples with 8 keV Xenon atoms.
These studies demonstrate that organonitriles are actwatetfI . X
ominal molecular masses were calculated using the most abundant

by the ele.ctron—nch and strongelectrqn—releg@ngReQI— thenium isotopelsTRe (63%).
(dppe)} site toward readys-electrophilic addition (which Syntheses ofis- and trans-[ReCI{ NC(H)C¢H4X-4} (dppe)]-
can 'be .reversed b_y base) to for.m methyleneamide (or [BF,] [X = NEt, (2a), OMe (1b and 2b), Me (1c), H (1d and
azavinylidene) species, thus following a general pattern of 2d), F (1e and 2e), or Cl (1f and 2f)]. The methyleneamide
reactivity similar to that exhibited by isocyanides#8IR)? complexesl and2 were prepared by reactions of the appropriate
at the same metal center which leads to aminocarbynenitrile complexesis[ReCI(NCGH4X-4)(dppe}] in dichloromethane,
products (CNHR) (Scheme 3 for the case of protonation). with a diethyl ether solution of HBa 1:11 diluted B solution
As a result of this reaction, a weakening of the unsaturated °f 85% [EEOH][BF.]). The reaction solution was left stirring for
NC bond occurs with a concomitant strengthening of the 1 h at room temperature and then was concentrated under vacuum.
metat-ligand bond showing the propensity of rhenium to After a(jd_ltlon of E+O the_solutlon was left standlng. Thg first crop

. . . of precipitate thus obtained was separated by filtration and was
form multiple bonds to nitrogen and carbon. The derived

. . generally a mixture of the methyleneamide complewith side
ligand (NCHR or CNHR) can be considered to behave as aproducts, in particulatrans[ReCh(dppe}]" (n = 0 or 1) and/or

three-electron donor (thus giving the closed-shell configu- ¢is [Re(NCGH.X).(dppe)] .22 When isolation of comples from
ration to the complexes) and as a stranglectron acceptor.  the contaminants could not be achieved mechanically, recrystalli-
The ligated methyleneamide thus presents the linear coor-zation from CHCI/Et,O was carried out (yield ca. 3810% for
dination mode and resembles the linearly coordinated nitrosyl the pure isomer). New crops, containing the corresponding meth-
(NO™) which is also believed to act as a three-electron yleneamide comple, were obtained from the mother liquor either
donor and a strong-electron acceptor at the same rhenium upon its concentration under vacuum followed by addition eOEt
site. or by taking the solution to dryness followed by recrystallization

These reactions contrast with the common and much more®f the residue from thf/EO (typically ca. 36-60% yields for the
studied activation of nitriléd!? and isocyanide¥ toward pure isomers, with the higher values for the products with electron-

. . ’ . withdrawing substituents of the aromatic nitrile rirgg and 2f).

nucleophiles upon coordination to a metal center without a

s . . . Total yields (L + 2): ca. 66-80%.
significant z-electron-releasing ability. In particular, the As an example of this general proceduzis: andtrans[ReCl-

ligated acetonitriles in the Recomplexcis-[ReCL(NCMe))] {NC(H)CeHsOMe-4 (dppe)][BF 4], 1b and 2b, were prepared as
are electrophilically activated toward nucleophilic addition fg|lows:

of oximes RRC=NOH (R, R = alkyls) to give the cis-[ReCI(NCGH4OMe-4)(dppey] (0.37 g, 0.32 mmol) was
iminoacylated species, or (alkylideneaminooxy)imirgs, dissolved in dichloromethane (20 &mnand a 5-fold molar excess
[ReCL{NH=C(Me)ON=CRR},].*# of HBF4/Et,O solution (3.0 cry 1.6 mmol; see above) was added.

The reactions of the current study can also involve the The color of the solution turned from the initial red to brownish
geometrical isomerization of t{eReCl(dppej)} binding site yellow (upon the addition of the first equimolar amount of the acid)
that appears to be determined by a delicate balance of the?"d finally to green. The system was left stirring for 1 h. The
electron-acceptor/donor properties of the nitrile or methyl- solution was then concentrated under vacuum, and after addition

o L . of Et,O it was left standing overnight. The nonhomogeneous solid
eneamide ligand, the metal oxidation state, and the partICUIarthus precipitated was filtered off and consisted of aggregates of

experimental con(.ji_tions applied. No seyen-coordinate speciesyeIIOW crystals ofcis [ReCH NC(H)CeH,OMe-4 (dppe)][BF 4] 1b

derived from addition of the electrophile to the metal were (ogether with yellow needle crystals wans [ReCh(dppe)]. After

detected, but oxidation of this atom can result from reaction mechanical separation of tiié aggregates, they were washed with

with a common strong alkylating agent. a mixture of CHCIl,/E,O (1:3) and dried under vacuum (ca. 0.18

. . g, 40% vyield). The mother liquor was taken to dryness and the

Experlmental_ SeC'FIOFI ) ) ) residue recrystallized from thf/ED thus leading to the precipitation
All the manipulations and reactions were carried out in the yf the methyleneamide compoutréns[ReCK NC(H)CsH,OMe-

absence of air using standard inert-gas flow and vacuum techniques4} (dppe)][BF 4] 2b, in a pure form, which was filtered off and dried
Solvents were purified by standard procedures, and the series of ,nqer vacuum (ca. 0.13 g, 30% yield).

complexexis-[ReCI(NCGH X-4)(dppe}] (X = NEt,, OMe, Me,

(44) Ginther, H.NMR SpectroscopyViley: Chichester, 1980. Abraham,
(43) Wang, Y.; Frasto da Silva, J. J. R.; Pombeiro, A. J. L.; Pellinghelli, R. J. The Analysis of High-Resolution NMR Spectialsevier:
M. A.; Tiripicchio, A. J. Organomet. Chen1992 430, C56. Amsterdam, 1971.
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Alternatively, complexe® can be synthesized by protonation
of the correspondinrans-[ReCI(NCGH4X-4)(dppe}] 3, in CH,-
Cl,, on addition of the acid, HBFELO solution, in a stoichiometric
amount. The vyield of this protonation step is nearly quantitative,
but the procedure requires the previous synthesg(sée below).

1b: yellow solid.*H NMR (ds-acetone):d 7.80-6.85 (m, 40H,
Ph dppe), 6.79 (d, 2HJuy = 8.7 Hz, Ph methyleneamide), 6.39
(d, 2H, 3Juy = 8.7 Hz, Ph methyleneamide), 3.88 (s, 3H;4{L
3.35 (m, 1H, &1), 3.20-2.98 (m, br, 3H, Ei,), 2.58-2.26 (m,
br, 3H, (Hy), 2.18 (m, 1H, Gly), —7.11 (m, 1H,Jax = 14.2 Hz,
Jex = 37.8 Hz,Jcx = 45.7 Hz,Jpx = 60.1 Hz, N=CHR). 31P{1H}
NMR (de-acetone): 6o —130.24,05 —127.11,0c —117.03,6p
—106.62;Jpg = 17.0 Hz,Jpc = 199.0 Hz,Jsp = 5.8 Hz,Jgc =
4.2 Hz,Jgp = 12.0 Hz,Jcp = 11.8 HZ.13C{1H} NMR (CD2C|2)
0 163.15 (sC, methyleneamide), 140.920125.64 (m, Ph), 113.85
(s, NCHR), 100.54 (sCi methyleneamide), 55.13 (€H3), 32.15
(dd,*J = 36.4 Hz,2J = 10.1 Hz,CHy), 30.15 (dd}J = 32.5 Hz,
2J = 11.4 Hz,CHy), 27.96 (dd}J = 31.4 Hz,2J = 8.2 Hz,CH),),
26.69 (dd,}J = 32.9 Hz,2) = 4.5 Hz,CH,).13C NMR (CD.Cl,):
0 163.15 (s, br), 140.92125.64 (m), 113.85 (dJcy = 164.3 Hz),
100.54 (t,2Jcq = 9.3 Hz), 55.13 (q}JcH = 146.5 Hz), 32.15 (m),
30.15 (m), 27.96 (m), 26.69 (m). Anal. Calcd fosdBCsoNOF;-
CIP,ReY,CH,Cl,: C, 56.7; H, 4.5; N, 1.1. Found: C, 56.2; H,
4.5; N, 1.1. FAB-MS: m/z 1116 [M — CI]* (M*, calcd 1151),
1019 [M — NCHR]", 753 [M — dppe}'.

1c: yellow solid.™H NMR (ds-acetone):6 7.70-6.89 (m, 40H,
Ph), 6.92 (t3Jun ~ 3Jup ~ 8.6 Hz, 2H,H, dppe), 6.34 (d3Jyy =
8.4 Hz, 2H, Ph methyleneamide), 3.22 (m, 1H{£; 3.10-2.78
(m, br, 3H, (H,), 2.63-2.28 (m, br, 3H, El,) 2.20 (m, 1H, ¢i,)
2.40 (s, 3H, €l3), —7.20 (m, 1H,Jax = 14.4 Hz,Jgx = 37.0 Hz,
Jox = 46.2 Hz,Jpx = 59.7 Hz, N=CHR). 3'1P{*H} NMR (CD,-
Cly): da —114.27,05 —103.23,0c —112.40,0p —91.74;Jps =
8.1 Hz,Jac = 198.1 Hz,Jpp = 17.1 HZ,Jgc = 5.6 Hz,Jgp = 16.0
Hz, Jop = 10.5 Hz. B3C{1H} NMR (CD,Cl,): ¢ 149.27 (s,Cqn
methyleneamide), 146.05 (€, methyleneamide), 142.23 (&,
methyleneamide), 137-3125.3 (m, Ph-dppe), 123.07 (SONR),
107.16 (sCi methyleneamide), 33.31 (d#] = 36.0 Hz,2) = 8.7
Hz, CH,), 30.89 (dd}J = 34.9 Hz,2) = 8.7 Hz,CH,), 28.16 (dd,
1J=31.0 Hz,2J = 8.7 Hz,CH,), 27.41 (dm1J = 32.3 Hz,CH,),
22.03 (s,CH3). 13C NMR (CD,Cly): 0 149.27 (d,"Jcy = 158.6
Hz), 146.05 (s, br), 142.23 (#)cy = 160.8 Hz), 137.3125.3 (m,
br), 123.07 (d, briJcy = 160.0 Hz), 107.16 ()= 7.3 Hz), 33.31
(m), 30.89 (m), 28.16 (m), 27.41 (m), 22.03 {den = 127.8 Hz).
Anal. Calcd for HgBCsoNF4CIPsRe: C, 58.9; H, 4.6; N, 1.1.
Found: C,59.1; H, 4.8; N, 1.2. FABMS: m/z 1136 [M]", 1100
[M — CIJ*, 1019 [M — NCHR]",

1d: yellow solid.*H NMR (ds-acetone):d 7.67—6.90 (m, 43H,
Ph), 6.46 (d.2Juy = 7.3 Hz, 2H,H, methyleneamide), 3.55 (m,
1H, CH,), 3.10-2.80 (m, br, 3H, El,), 2.63-2.35 (m, br, 3H, El,),
2.10 (m, 1H, G'z), —7.28 (m, 1HJax = 14.2 Hz,Jgx = 39.0 Hz,
Jox = 43.6 Hz,Jpx = 60.1 Hz, N=CHR). 31P{*H} NMR (CD,-
Clp): 0a —124.46,05 —127.69,0c —117.61,0p —98.27;Jas =
16.0 Hz,Jac = 194.8 Hz,Jap = 12.8 Hz,Jgc = 0.5 Hz,Jgp =
11.6 Hz,Jcp = 10.6 Hz.13C{H} NMR (CD.Cly): ¢ 149.97 (s,
Cm methyleneamide), 142.71 (S, methyleneamide), 140-1125.2
(m, Ph-dppet+ C, methyleneamide), 123.48 (s,NR), 110.77
(s, Ci methyleneamide), 33.46 (d&) = 36.3 Hz,2J = 10.6 Hz,
CH,), 30.85 (dd,}J = 44.4 Hz,2] = 12.0 Hz,CH,), 28.16 (ddJ
= 31.4 Hz,2) = 9.6 Hz,CH,), 27.35 (dd}J = 28.5 Hz,21 = 3.4
Hz, CH,). 13C NMR (CD,Cl,): 6 149.97 (d, br}Jcy = 160.6 Hz),
142.71 (d, br}Xcy = 157.9 Hz), 140.£125.2 (m), 123.48 (d, br,
ey = 165.0 Hz), 110.77 (s, br), 33.46 (m), 30.85 (m), 28.16 (m),

226 Inorganic Chemistry, Vol. 41, No. 2, 2002

Guedes da Silva et al.

27.35 (m). Anal. Calcd for EiBCsgNF4CIP,Re2CH.CI,: C, 53.1;
H, 4.2; N, 1.0. Found: C, 53.7; H, 3.6; N, 0.8.

le:yellow solid.'H NMR (de-acetone):d 7.97—6.95 (m, 44H,
Ph), 3.56-2.62 (m, br, 8H, &, dppe),—6.80 to—7.33 (m, 1H,
NCHR). 1°F NMR (ds-acetone):0 —149.8 (m, methyleneamide),
—154.0 (s, B). Not analytically pure.

1f: yellow solid.*H NMR (CD,Cl,): 6 7.64-6.96 (m, 40H, Ph
dppe), 6.91 (d3Jyy = 8.2 Hz, 2H, Ph methyleneamide), 6.38 (d,
3Jun = 8.2 Hz, 2H, Ph methyleneamide), 3.18 (m, 1HHA; 3.10~
2.78 (m, br, 3H, El,), 2.68-2.40 (m, br, 3H, Ei,), 2.18 (m, br,
1H, CHy), —7.02 (M, 1H,Jax = 13.9 Hz,Jgx = 36.4 Hz,Jcx =
45.9 Hz,Jpx = 60.4 Hz, N=CHR). 31P{1H} NMR (CD,Cl,): 0a
—127.83,0g —127.30,06c —116.09,0p —103.04;Jag = 8.2 Hz,
Jac = 195.9 Hz,Jap = 8.5 Hz,Jsc = 1.1 Hz,Jgp = 9.9 Hz,Jcp
= 12.2 Hz.13C{'H} NMR (CD.Cl,): ¢ 149.58 (sCy, methylenea-
mide), 142.21 (sC, methyleneamide), 141.01 (§, methylenea-
mide), 137.7127.6 (m, Ph dppe), 123.18 (sONR), 108.83 (s,
Ci methyleneamide), 33.44 (d&] = 30.2 Hz,2] = 9.2 Hz,CH,),
30.79 (dd,}J = 33.9 Hz,2J = 10.4 Hz,CH,), 28.06 (dd}J = 31.9
Hz, 2J = 8.9 Hz,CH,), 27.29 (dd,}J = 32.4 Hz,2J = 4.6 Hz,
CHy). 13C NMR (CD:Cly): 6 149.58 (d ey = 160.6 Hz), 142.21
My = 162.9 Hz,2) = 6.6 Hz), 141.01 (s, br), 137.7127.60
(m), 123.18 (dNcy = 166.0 Hz), 108.83 (2] = 8.9 Hz), 33.44
(m), 30.79 (m), 28.06 (m), 27.29 (m). Anal. Calcd fos,BCsgy
NF5C|2P4R€'1/2CH2C|2: C,54.9;H,4.2; N, 1.1. Found: C, 54.6;
H, 4.8; N, 1.1. FAB-MS: mvz1155 [M]*, 1119 [M— CI]*, 1019
[M — NCHRJ*.

2a: greenish yellow!H NMR (CD,Cl,): ¢ 7.45-7.04 (m, 42H,
Ph), 5.25 (d3Juy = 6.8 Hz, 2H,H, methyleneamide), 3.683.40
(m, br, 4H, tH, methyleneamide), 2.92 (m, br, 4HHg dppe),
2.76 (m, br, 4H, €I, dppe), 1.12 (t3J4y = 6.7 Hz, 6H, ®Ha),
—3.81 (qt,“Jup = 6.1 Hz, 1H, N=CHR). 32P{1H} NMR (CD.Cl,):
0 —132.85.13C NMR (CD.Cl,): ¢ 153.55 (s, Ph), 136.609119.0
(m, Ph), 33.57#28.81 (m,CH,), 11.72 (q,XJcy = 131.6 Hz,CH3).
Anal. Calcd for %3BC63N2F4C|P4Rel/2CH2C|2: C, 55.0; H, 4.7;
N, 2.0. Found: C, 54.8; H, 4.9; N, 2.4.

2b: yellow. 'H NMR (CD,Cly): 6 7.50-6.54 (m, 40H, Ph), 6.15
(d, 334n = 8.5 Hz, 2H,H, methyleneamide), 5.18 (84 = 8.5
Hz, 2H, H, methyleneamide), 3.81 (s, 3HHg), 2.91 (m, br, 4H,
CH, dppe), 2.71 (m, br, 4H, B, dppe),—4.82 (qt,*Jup = 6.6 Hz,
1H, N=CHR):3P{1H} NMR (CD,Cl,): ¢ —130.44. Anal. Calcd
for HseBCsgNOF4CIP4Re: C, 58.1; H 4.6; N 1.1. Found: C, 57.8;
H, 4.8; N, 1.3. FAB-MS: nm/z 1152 [M]f, 1019 [M — NCR]*,
982 [M — NCR — CI]*.

2d: yellow. *H (CD,Cl,) NMR: 6 7.36-6.94 (m, 40H, Ph dppe),
6.87 (t,%Jun = 7.7 Hz, 3H,Hy, + H, methyleneamide), 5.15 (d,
8Jun = 7.7 Hz, 2H,H, methyleneamide), 2.82 (m, br, 4HHQ),
2.53 (m, br, 4H, €l,), —4.74 (qt,“J4p = 6.8 Hz, 1H, N=CHR).
31P{1H} NMR (CD,Cl,): 6 —130.50.13C{1H} NMR (CD.Cly): ¢
149.64 (br, Ph), 142.28 (s, Ph), 134.01 {dp = 22.3 Hz, Ph),
131.34 (d,Jcp = 22.3 Hz, Ph), 129.00 (dJcp = 17.8 Hz, Ph),
123.12 (s, br, &=CHR) 30.00 (m, brCH,). 13C (CD,Cl,): 6 149.64
(d, br,%J = 161.9 Hz), 142.28 (d, bAJcy = 161.9 Hz), 134.01
(dm, ey = 161.0 Hz), 129.00 (ddiJcy = 159.4 Hz), 123.12 (d,
br, 1Jcy = 151.3 Hz), 30.00 (tm, b&Jcy = 117.7 Hz). Anal. Calcd
for H54BC59NF4C|P4Rel/2CH2C|2: C,57.1;H,4.4;N, 1.1. Found:
C,56.9; H, 4.8; N, 1.1.

2e:yellow. 'H NMR (CD.Cly): 6 7.33-6.99 (m, 40H, Ph), 6.56
(t, 3Jun ~ 3Jue = 8.7 Hz, 2H,H,,, methyleneamide), 5.06 (d&Jun
= 8.7 Hz,%Jur = 5.1 Hz, 2H,H, methyleneamide), 2.81 (m, br,
4H, CHy), 2.68 (m, br, 4H, @), —4.71 (qt,*Jyp = 6.4 Hz, 1H,
N=CHR). %F NMR (ds-acetone):d —114.1 (tt,3J=9.0 Hz,4) =
4.9 Hz).3'P{1H} (CD,Cl;) NMR: 6 —130.77 33C{'H} NMR (CD,-
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Cly): 6 149.59 (s, br, Ph), 142.24 (s, Ph), 137.57 (s, Ph), 134.01
(d, Jcp = 24.8 Hz, Ph), 131.39 (dlcp = 23.5 Hz, Ph), 130.37
129.29 (m, br, Ph), 128.95 (dcp = 34.8 Hz, Ph), 128.49 (s,
NCHR), 125.57 (s, Ph), 123.15 (s, Ph), 114.32 {#- = 21.65
Hz, C, methyleneamide), 110.77 (s, &, methyleneamide), 30.24
(qt, Jcp = 10.6 Hz,CH,).13C (CDCly): ¢ 149.59 (d, br ey =
164.4 Hz), 142.24 (d, biJcy = 162.5 Hz), 137.57 (d, bEJcy =
176.1 Hz), 134.01 (ddlcy = 164.4 Hz), 128.95 (ddJcy = 162.8
Hz), 125.57 (d, bricy = 166.3 Hz), 123.15 (d, biJey = 162.5
Hz), 114.32 (d, brlJcy = 163.7 Hz), 110.77 (s, br), 30.24 (tm,
1Jcn = 130.9 Hz). Anal. Calcd for BBCsgNFsCIP,Re2CH,Cly:
C, 52.4; H, 4.1; N, 1.0. Found: C, 52.4; H, 4.5; N, 1.2.

2f: yellow. ™H NMR (CD,Cly): ¢ 7.77-6.98 (m, 40H, Ph-dppe),
6.80 (d,3Jyn = 8.4 Hz, 2H,H,,, methyleneamide), 4.98 (&)yy =
8.4 Hz, 2H,H, methyleneamide), 2.80 (m, br, 4HHg), 2.61 (m,
br, 4H, (H,), —4.68 (qt,*Jup = 6.3 Hz, 1H, N=CHR)3P{1H}
NMR: o6 —130.11. B3C{!H} (CD.Cl): ¢ 149.70 (s, br,C,
methyleneamide), 142.30 (€, methyleneamide), 136.92 (&,
methyleneamide), 133.97 (dcp = 23.5, Ph), 131.43 (dJcp =
24.8, Ph), 130.12129.51 (m, Ph), 128.97 (dcp = 34.1 Hz, Ph),
127.33 (s, N=CHR), 113.81 (sCi methyleneamide), 30.20 (dlgp
= 11.0 Hz,CH,).13C NMR: ¢ 149.70 (s, br), 142.30 (d, btcn
= 164.5 Hz), 136.92 (dJcy = 175.8 Hz), 133.97 (ddiJcy =
161.3 Hz, Ph), 128.97 (ddJcy = 162.5 Hz), 127.33 (d\Jcn =
164.4 Hz), 113.81 (2J = 7.5 Hz), 30.20 (tmiJcy = 137.7 Hz).
Anal. Calcd for H,BCsgNFsCl,P,Re: C, 56.9; H, 4.3; N, 1.1.
Found: C, 56.4; H, 4.7; N, 1.0. FABMS: m/z 1157 [M]*, 1019
[M — NCR]*, 758 [M — dppe}'.

Synthesis oftis-[ReCK{ NC(SiMe3)CeHsMe-4} (dppe)][CF SOy,
1¢. A thf (20 cn?) suspension ofis-[ReCI(NCGHsMe-4)(dppe)]
(0.23 g, 0.20 mmol) was kept at low temperatures8.5 °C, by
means of a cryostatic CH¢liquid N, bath), and a slight (1.5:1)
molar excess of SIMERSO; (0.060 cnd, 0.31 mmol) in thf (5
cm?®) was added dropwise. The solution changed from yellow to
the final red color upon gradual raising of the temperature. By
concentration of the solution and addition ot@ta pale yellow
solid was formed, which was filtered off, washed with a 1:3 mixture
of thf:Et,O and then with BD, and dried under vacuum (0.19 g,
70% vyield). Further crops precipitated from the mother liquor
contained the dinitrile complesis[Re(NCGHsMe-4),(dppe}][CFz-
SG;l.

1c: pale yellow solid*H NMR (CDCl): 6 7.43-6.91 (m, 40H,
Ph dppe+ methyleneamide), 6.83 @y ~ 3J4p ~ 8.7 Hz, 2H,
Hm Ph dppe), 6.25 (BJuy = 7.8 Hz, 2H, Ph methyleneamide),
3.18 (m, 1H, &), 3.05-2.68 (m, br, 3H, Ei,), 2.55-2.28 (m,
br, 3H, CHy), 2.10 (m, 1H, &), 2.31 (s, 3H, El3), 1.47 (m, br,
9H, Si(CHy)3). 31P{1H} NMR (CD,Cl,): d0a —124.44,05 —126.41,
Oc —116.93,0p —98.16;Jag = 18.5 Hz,Jpc = 195.3 HZ,Jpp =
12.2 Hz,Jgc = 2.5 Hz,Jgp = 12.2 Hz,Jcp = 9.1 Hz. Anal. Calcd
for HesCesNO3F3SCISiPRe: C, 56.6; H, 4.8; N, 1.0. Found: C,
56.8; H, 4.5; N, 1.1. FAB-MS: m/z1019 [M — NCHR — SiMe;]*
(M™, calcd 1212). During the time scale required #8€ NMR
data acquisition, the complex underwent hydrolysid.¢o

Syntheses oftrans-[ReCI(NCCgHsX-4)(dppe)] [X = NEt,
(3a), OMe (3b), H (3d), F(3e), or CI (3f)].These compounds can
be obtained directly from the rheniumdinitrogen complexrans
[ReCI(N,)(dppe}], but they are then contaminated with the corre-
sponding cis isomers which constitute the main products. A more
convenient method, with almost quantitative yields, consists of the
deprotonation of complexe& or 2. The general procedure is
described fortrans[ReCI(NCGH4F-4)(dppe)], 3g as follows:

To a dichloromethane solution (5 épof trans[ReCKNC(H)-
CeH4F-4} (dppe)][BF 4] 2e(or 1e) (0.11 g, 0.09 mmol) was added

dropwise a slight molar excess of a 0.10 M alcoholic solution of
[NBug][OH] (1.34 cn?, 0.13 mmol). The yellow reaction solution
of 2eturned to deep red. After stirring for 5 min the solution was
concentrated under vacuum and@&twas added; this procedure
had to be repeated-b times until3e precipitated as a microcrys-
talline red solid, which was filtered off, washed with a 1:3 mixture
of CH,CI,/Et,O and then with BD, and dried under vacuum (0.095
g, 90% yield).

3a: orange solid. IR (KBr pellet): 2111 s(=c). *H NMR
(CgDg): 0 7.67—6.42 (m, 44H, Ph), 2.53 (s, br, 4HHg, nitrile),
2.19 (s, br, 4H, €ly), 1.97 (s, br, 4H, €ly), 0,37 (t,3Juy = 7.1
Hz, 6H, (Hs). 31P{*H} NMR (CgsDe): 0 —111.6. Not analytically
pure.

3b: red solid. IR (KBr pellet): 2090 svf=c). *H NMR (C¢Dg):

0 7.27-7.07 (m, 40H, Ph dppe), 6.74 (8044 = 8.7 Hz, 2H, Ph
nitrile), 6.26 (d,3Jyn = 8.7 Hz, 2H, Ph nitrile), 2.90 (s, br, 4H,
CH,), 2.67 (s, br, 4H, €ly), 2.53 (s, 3H, El3). 3P{'H} NMR
(CeDg): 6 —111.9. Anal. Calcd for EsCsogNOCIP,Re: C, 62.6; H,
4.8; N, 1.3. Found: C, 64,7; H, 4,9; N, 1.5. FAB/S: m/z 1151
[M]*, 1019 [M — NCR]".

3d: dark red solid. IR (KBr pellet) 2080 sv{=c). '"H NMR
(CeDg): 0 8.20-7.05 (m, 45H, Ph), 2.59 (s, br, 4HH3), 2.35 (s,
br, 4H, CH,). 31P{*H} NMR (CgDg): 6 —114.1. Not analytically
pure.

3e: dark red solid. IR (KBr pellet): 2100 s/(=c). *H NMR
(CD,Cly): 6 7.94-6.76 (m, 44H, Ph), 2.59 (s, br, 4HH3), 2.35
(s, br, 4H, G2).1%F NMR (CD,Cl,): 6 —106.2 (br)3P{tH} NMR
[at =5 °C in a mixture of 4:1 thf/((CB),CO]: 6 —112.1. Anal.
Calcd for H,CsgNFCIP,ReY/sCH,Cly: C, 61.7; H, 4.6; N, 1.2.
Found: C, 62.2; H, 4.6; N, 1.2.

3f: dark red solid. IR (KBr pellet): 2080 s/{=c). '"H NMR
(CD.Cly): 0 8.20-6.70 (m, 44H, Ph), 2.83 (s, br, 4HH3), 2.59
(s, br, 4H, G4). 31P{1H} NMR: 6 —112.9. Anal. Calcd for EpCsg-
NCILPsRe: C, 61.3; H, 4.5; N, 1.2. Found: C, 60.8; H, 4.8; N,
1.3.

Syntheses ofrans-[ReCI(NCC¢H4X-4)(dppe)][PF¢] [X = Me
(4c), H (4d), or CI (4f)]. The general procedure (ca.-780%
yields) is illustrated fotrans[ReCI(NCGH,4CI-4)(dppe)][PFe] 4f
as follows:

To a dichloromethane solution (20 &nof cis-[ReCI(NCGH4-
Cl-4)(dppe)] (0.27 g, 0.23 mmol), kept at ca:63 °C in a cryostatic
mixture of CHCH/liquid N,, was added an excess of {8i[PFg]
(0.14 g, 0.55 mmol) with stirring. By gradually increasing the
temperature, the initially red solution slowly became orange. Upon
successive evaporations of the solvent and additions,6f, EHiree
fractions of 4f were obtained, which were all gathered and
recrystallized from CHCI,/Et,0. The obtained orange crystals were
isolated by filtration, washed with ED, and dried under vacuum
(0.23 g, 75% yield). Compoundsare paramagnetic.

4c¢:3 orange-yellow solid. IR: 2130 nvf=c). Anal. Calcd for
HssCsoNFsPsCIRe: C, 56.3; H, 4.3; N, 1.1. Found: C, 57.5; H,
4.7; N, 1.3. FAB-MS: m/z 1134 [M]*, 1019 [M — NCR]".

4d: yellow solid. IR: 2130 m#¥n=c). Anal. Calcd. for HzCso
NFsPsCIRe.1CHCI,: C, 53.3; H, 4.1; N, 1.0. Found: C, 53.1; H,
4.2; N, 1.2.

4f: orange solid. IR: 2120 mv{=c). Anal. Calcd for H,Cso
NFePsCl,ReCH,Cl,: C, 52.0; H, 3.9; N, 1.0. Found: C, 52.4; H,
3.8; N, 1.0. FAB-MS: m/z 1155 [M]*, 1019 [M — NCRJ*.

X-ray Crystallography. Crystal data for trans-[ReCKNC(H)-
CeH4F-4} (dppe)][BF 4]-CHCl,. CsoHssBClaFsNPsRe,M = 1312.37,
triclinic, space groupl, a = 12.881(3) Ab = 14.767(3) Ac =
17.785(4) A,o. = 84.55(2), B = 74.64(2}, y = 65.82(2), V =
2975.6(13) R, T =293 K,Z = 2, u(Mo Ka) = 2.3 mnt?. Cell
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